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(54) Fluid flow control device 



(57) A fluid flow control device (10) for regulating output flow from a fluid pump (12), comprises a housing 
(14) having an axially extending bore (16) therein, the bore being closed at one end (18) of the housing and 
open at the other end (20) of the housing; a piston valve (22) slidable in the bore and biased away from the 
closed end; first and second pressure chambers (28,30) in the bore between the piston valve and the open end; 
a flow restriction (74) connecting the first and second pressure chambers; an input flow passage (32) opening 
into the first pressure chamber; a return flow passage (34) connectabie with the second pressure chamber and 
closabfe by the piston valve; a droop flow device (36) secured in the open end, the droop flow device including 
an output flow passage (42), a guide tube (44) having an axially extending through bore (46) connected to the 
output flow passage at one end, a valve seat (50) at the other end of the through bore and positioned in the 
second pressure chamber, the piston valve being biased into engagement with the valve seat to normally 
ci se the through bore, at least one radially extending aperture (52) in the guide tube, a plunger (54) 
positioned around the guide tube and slidable thereon to close the or each radially extending aperture, the 
plunger defining a fluid path (60) between the or each radially extending aperture and the second pressure 
chamber, the plunger being biased away from the piston valve to normally open the or each radially extending 
aperture. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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FT,TTTD FLOW CONTROL DEVICE 

The present invention relates to a fluid flow 
control device for output flow from a fluid pump, and in 
particular to a fluid flow control device for output 
flow from a hydraulic power steering pump. 
5 It is known to provide fluid flow control 

devices for power steering pumps of motor vehicles, and 
examples are disclosed in GB-A-2277306 , US-A-4768540 , 
US-A-4570667, US-A-4361166 , and US-A-4700733 . These 
flow control devices have a droop mechanism which 

10 provides a high output flow from the control device when 
the input flow to the control device (which. is the 
output flow from the pump) is low, and a low output flow 
from the control device when the input flow to the 
control device is high. 

15 The aim of the present invention is to provide 

such a control device in which the output flow from the 
control device is substantially insensitive to back 
pressure in the output flow passage, 

A fluid flow control device in accordance with 

20 the present invention for output flow from a fluid pump, 
comprises a housing having an axially extending bore 
therein, the bore being closed at one end of the housing 
and open at the other end of the housing; a piston valve 
slidable in the bore and biased away from the closed 

25 end; first and second pressure chambers in the bore 

between the piston valve and the open end, the second 
pressure chamber being adjacent the piston valve; a flow 
restriction connecting the first and second. pressure 
chambers; an input flow passage opening into the first 

30 pressure chamber; a return flow passage connectable with 
the second pressure chamber and closable by the piston 
valve; a droop flow device secured in the open end, the 
droop flow device including an output flow passage, a 
guide tube having an axially extending through bore 

35 connected to the output flow passage at one end, a valve 
seat at the other end of the through bore and positioned 



in the second pressure chamber, the piston valve being 
biased into engagement with the valve seat to normally 
close the through bore, at least one radially extending 
aperture in the guide tube, a plunger positioned around 
the guide tube and slidable thereon to close the or each 
radially extending aperture, the plunger defining a 
fluid path between the or each radially extending 
aperture and the second pressure chamber, the plunger- 
being brased away from the piston valve to normally open 
the or each radially extending aperture. 

By * normally close' and ^normally open' is 
meant the disposition of the components when the fluid 
pump is not operational. 

The present invention provides a fluid flow 
control device in which the output flow is substantially 
insensitive to back pressure in the output flow passage. 

The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which:- 

Figure 1 is a cross-sectional view of a droop 
flow device of a fluid flow control device in accordance 
with the present invention; 

Figure 2 is a cross -sectional view of a fluid 
flow control device in accordance with the present 
invention, including the droop flow device of Figure 1, 
when the input flow to the control device is below a 
first (low) predetermined level; 

Figure 3 is a graph of output flow against 
input flow for the fluid flow control device of Figure 2 
during the stage shown in Figure 2; 

Figure 4 is a similar cross-sectional view to 
that shown in Figure 2 but when the fluid flow control 
device is at the stage where input flow is between the 
first predetermined level and a second (high) 
predetermined level; 
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Figure 5 is a graph of output flow against 
input flow for the fluid flow control device of Figure 2 
during the stage shown in Figure 4; 

Figure 6 is a similar cross-sectional view to 
5 that shown in Figure 2 but when the fluid flow control 
device is at the stage where the input flow is above the 
second predetermined level; 

Figure 7 is a graph of output flow against 
input flow for the fluid flow control device of Figure 2 

10 during the stage shown in Figure 6; and 

Figure 8 is a cross-sectional view similar to 
that of Figure 1 for an alternative arrangement for the 
droop flow device of a fluid flow control device in 
accordance with the present invention. 

15 Referring to Figures 1 and 2, a fluid flow 

control device 10 in accordance with the present 
invention controls the level of output flow from the 
control device dependent on the level of input flow to 
the control device from a fluid pump 12 (for example, a 

20 hydraulic fluid pump in the power steering system of a 
motor vehicle) . The control device 10 comprises a 
housing 14 having an axially extending bore 16 therein. 
The bore 16 is closed at one end 18 of the housing 14 
and is open at the other end 20 of the housing. A 

25 piston valve 22 is positioned within the bore 16 and is 
slidable therein. The piston valve 22 makes a seal with 
the bore 16 by way of O-ring seals 24. A helical coil 
spring 26 is positioned in the bore 16 between the 
closed end 18 and the piston valve 22 and acts on the 

30 piston valve to bias the piston valve away from the 
closed end. The bore 16 defines first and second 
pressure chambers 28,30, respectively, between the 
piston valve 22 and the open end 20 of the bore, the 
second pressure chamber being adjacent the piston valve.. 

35 An input flow passage 32, which is connected to the 
output flow passage (not shown) of the fluid pump 12, 
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opens into the first pressure chamber 28. A return flow 
passage 34 is connectable with the second pressure 
chamber 30 dependent on the position of the piston valve 
22. In the position shown in Figure 2, the piston valve 
::5 22 closes the return flow passage 34. The return flow 
- passage 34 is connected to the input flow passage (not 
shown) of the fluid pump 12 and/or a fluid reservoir 

(not shown) . . 

A droop flow device 36 is secured to the 
10 housing ~14. The droop flow device 36 includes a fitting 
37 which is secured in the open end 20 of the bore 16, 
preferably by way of a screw threaded connection 38, and 
which is sealed in the bore by an O-ring seal 40. The 
fitting 37 defines an output flow passage 42 for the 
15 control device 10. A guide tube 44 having an axially. 
extending through bore 46 is secured to the fitting 37- 
The through bore 46 connects with the output flow 
passage 42 at one end 48, and has a valve seat 50 at the 
other end which is positioned in the second pressure ^ 
20 chamber 30. The piston valve 22 is biased by the spring 
2 6 into engagement with the valve seat 50 and, when the 
piston valve is in the position shown in Figures 1 and 
2, closes the through bore 46 at said other end thereof. 
The guide tube 44 has a number of radially extending 
25 apertures 52 positioned between the valve seat 50 and 
the said one end 48 of the through bore 46. A plunger 
54 makes a tight sliding fit on the outer surface 56 of 
the guide tube 44.. The plunger 54 has a first portion 
58 which* is spaced from the outer surface 56 of the 
30 ' guide tube 44 to define an axially extending flow 

passage 60. The flow passage 60 opens into the second 
pressure chamber 30, and, when the plunger 54 is in the 
position shown in Figures 1 and 2, provides a fluid path 
between the second pressure chamber and the apertures 
35 52. The end of the guide tube 44 adjacent the valve 
seat 50 is shaped to define a shoulder 62 which faces 
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the plunger 54. A helical coil spring 64 is positioned 
within the flow passage 6 0 around the guide tube 44 and 
engages the shoulder 62 on the guide tube 44 and a 
shoulder 66 in the flow passage 60. The spring 64 acts 
5 on the plunger 54 to bias the plunger into engagement 
with a shoulder 68 on the fitting 37. This arrangement 
allows the droop flow device 36 to be pre-assembled as a 
one piece assembly prior to fixing in the housing 14, 
making assembly of the control device 10 easier. The 

10 positioning of the spring 64 around the guide tube 44 
and within the flow passage 60 stabilises the mounting 
of the spring, and provides more accurate operation of 
the control device 10. This arrangement also prevents 
full compression of the spring 64 thereby reducing the 

15 risk of spring failure. The plunger 54 has a second 

portion 70 positioned within the first pressure chamber 
28 which has an external surface 72 which slopes 
inwardly towards the guide tube 44, such that the 
external diameter of the plunger reduces as the plunger 

20 approaches the shoulder 68 on the fitting 37. Although 
this shape is not essential for the plunger 54 to move 
under the effects of the pressure difference between the 
first and second pressure chambers 2 8,30, it is a 
preferred arrangement which has benefits in terms of 

25 efficient operation of the control device 10. A flow 

restriction 74 is provided between the first and second 
pressure chambers 28,30. In this embodiment, the flow 
restriction 74 is defined by an inwardly directed 
shoulder 76 in the bore 16 between the first and second 

30 pressure chambers 28,30 and a flared end 78 on the 
plunger 54 where the flow passage 60 opens into the 
second pressure chamber. This allows the diameter of 
the bore 16 to be substantially constant from the second 
pressure chamber 30 to the closed end 18, for easier 

35 formation of the bore in the housing 14. In the 

alternative arrangement shown in Figure 8 (in which the 



same features have been given the same number, but 
primed the flared end of the plunger 54 is omitted. 

In a further alternative, the flared end 78 of the 
plunger 54 may be retained, but the shoulder in the bore 
16 omitted. 

In the normal, or at rest, position, when the 
fluid pump 12 is not operating the plunger 54 and the 
piston -valve 22 assume the relative positions shown in 
Figures 1 and 2. During a first stage of operation, 
when the fluid pump 12 is initially started, fluid flows 
from the input flow passage 32 through the first 
pressure chamber 28 to the second pressure chamber 3 0 by 
way of flow restriction 74, and then through the flow 
passage .6 0, apertures 54, and through bore 4 6 to the 
output flow passage 42. As can be seen from the graph 
of Figure 3, the level of the output flow increases in 
proportion to increases in the level of the input flow 
until the input flow reaches a first predetermined level 
A. 

As the level of the input flow increases, 
beyond the first predetermined level A, the increase in 
f luid^ pressure in the second pressure chamber ~3 0 acts on 
the pisXon valve 22 to move the piston valve against the 
bias of- the spring 26. This causes the piston valve 22 
to move:^away from the valve seat 50 to open the said 
other end of the through bore 46, and to move to open 
the return flow passage 34, as shown in Figure 4. Also, 
as the. input flow increases during this (second) stage 
of operation, the fluid pressure differential between 
the first pressure chamber 2 8 and the second pressure 
chamber 30 (due to the flow restriction 74) increases 
beyond a point which causes the plunger 54 to slide 
along the guide tube 44 in an axial direction against 
the bias of the spring 64 . During this second stage of 
operation, fluid continues to flow from the input flow 
passage 3 2 through the first pressure chamber 2 8 to the 
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second pressure chamber 30 by way of flow restriction 
74, and then through the flow passage 60, apertures 54, 
and through bore 46 to the output flow passage 42. 
Fluid also flows from the second pressure chamber 3 0 
5 past the valve seat 50 into the through bore 4 6 and then 
to the output flow passage 42, and from the second 
pressure chamber into the return flow passage 34 . The 
movement of the piston valve 22 relative to the housing 
14, and the movement of the plunger 54 relative to the 

10 guide tube 44, continue until the level of the input 
flow reaches a second predetermined level B. During 
this second stage of operation, as shown in the graph of 
Figure 5, the level of the output flow from the control 
device 10 remains substantially constant, and is the 

15 difference between the level of input flow and the level 
of flow through the return flow passage 34. 

During a third stage of operation, as the 
level of input flow increases beyond the second 
predetermined level B, the movement of the plunger 54 

20 relative to the guide tube 44 against the bias of the 
spring 64 continues such that the plunger begins to 
close the apertures 52. This action reduces the flow of 
fluid to the output flow passage 42 and the level of the 
output flow begins to drop as the level of the input 

25 flow continues to increase until the level of the input 
flow reaches a third predetermined level C, as shown in 
the graph of Figure 7. At this point, the apertures 52 
are substantially closed (although a small amount of 
fluid flow through the flow passage 60 and apertures 52 

30 may still be possible) . 

During a fourth stage of operation, as the 
level of input flow increases beyond the third 
predetermined level C, the apertures 52 remain closed 
and fluid flows from the input flow passage 3 2 through 

35 the first pressure chamber 28 to the second pressure 

chamber 30 by way of flow restriction 74, and then from 
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the second pressure chamber 3 0 past the valve seat 50 
into the through bore 46 and then to the output flow 
passage 42, and from the second pressure chamber into 
the return flow passage 34. During this fourth stage of 
operation, as the level of input flow continues to rise, 
the valve 22 moves further against the bias of the 
spring 2 6 such that the level of the output flow through 
the output flow passage 42 remains substantially 
constant, and is the difference between the level of 
input flow and the level of flow through the return flow 
passage 34. 

The present arrangement is such that, during 
the various stages of operation of the control device, 
the level of the output flow is substantially unaffected 
by any back pressure generated in the output flow , 
passage 42 because the operation of the droop flow 
device 36 is independent of the operation of the piston 
valve 22. The level of the output flow in the output 
flow passage 42, during the second stage of operation, 
is dependent on the number and diameter of the apertures 
52 (that is, the total cross-sectional area of the.v 
apertures) and on the minimum cross-sectional area* of 
the through bore 46 (which may be .fixed by a por:tion 80 
adjacent-^the valve seat 50) . The level of the output 
flow in--..the output flow passage 42, during the fourth 
stage of operation, is dependent on the minimum 
cross -sectional area of the through bore 4 6 (which may 
be fixed-by the portion 80 adjacent the valve seat 50) 
and on the minimum cross -sectional area of the return 
flow passage 34. The predetermined input flow levels B 
and C are determined by the load provided by the springs 
26 and 64, and by the position of the apertures 52 in 
the guide tube 44 . 

The present invention provides a fluid flow 
control device with a droop mechanism which is easy to 
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form and assemble, and which uses a minimal number of 
parts. 
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Claims : 

1 . A fluid flow control device for output 
flow from a fluid pump, the fluid flow control device 
comprising a housing having an axially extending bore 
5 therein, the bore being closed at one end of the housing 
and open at the other end of the housing; a piston valve 
slidable in the bore and biased away from the closed 
end; first and second pressure chambers in the bore 
between the piston valve and the open end, the second 

10 pressure chamber being adjacent the piston valve; a flow, 
restriction connecting the first and second pressure 
chambers; an input flow passage opening into the first 
pressure chamber; a return flow passage connectable with 
the second pressure chamber and closable by the piston 

15 valve; a droop flow device secured in the open end, the 
droop flow device including an output flow passage, a 
guide tube having an axially extending through bore 
connected to the output flow passage at one end, a valve 
seat at the other end of the through bore and positioned 

20 in the second pressure chamber, the piston valve being 
biased into engagement with the valve seat to normally 
close the through bore, at least one radially extending 
aperture in the guide tube, a plunger positioned around 
the guide tube and slidable thereon to close the or each 

25 radially extending aperture, the plunger defining a 
fluid path between the or each radially extending 
aperture and the second pressure chamber, the plunger 
, being biased away from the piston valve to normally open 
the or each radially extending aperture. 

30 2. A fluid flow control device as claimed in 

Claim 1, wherein the plunger is biased to normally open 
the or each radially extending aperture by a spring 
engaging the plunger and a shoulder on the guide tube. 

3 . A fluid flow control device as claimed in 

35 Claim 1, wherein a portion of the plunger is spaced from 
the guide tube to form a flow passage which defines the 



fluid path, the flow passage opening into the second 
pressure chamber . 

4. A fluid flow control device as claimed in 
Claim 3, wherein the plunger is biased to normally open 

5 the or each radially extending aperture by a spring 

engaging a shoulder in the flow passage and a shoulder 
on the guide tube . 

5 . A fluid flow control device as claimed in 
Claim 2 or Claim 4, wherein the spring is a helical coil 

10 spring which is positioned around the guide tube. 

6. A fluid flow control device as claimed in 
any one of Claims 1 to 5, wherein the flow restriction 
is defined by a shoulder in the bore between the first 
and second pressure chambers and/or a flared end on the 

15 plunger adjacent the opening of the fluid path into the 
second pressure chamber. 

7. A fluid flow control device as claimed in 
any one of Claims 1 to 6, wherein the plunger has an 
external diameter which reduces in size in the axial 

20 direction away from the second pressure chamber. 

8. A fluid flow control device substantially 
as herein described with reference to, and as shown in, 
the accompanying drawings . 
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